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ABSTRACT 
Training to develop power typically involves performing a combination of slow-moving 
resistance exercises against heavy loads (e.g., back squats) and/or fast-moving exercises 
against light loads (e.g., jump squats). Hexagonal barbell exercises such as hexagonal 
barbell deadlift (HBD) and hexagobal barbell jump squats (HBJS) are commonly used 
alternatives to conventional barbell exercises such as the back squat (BS) and jump squat. 
The change in load position with these hexagonal barbell exercises appears to allow for 
greater force, velocity, and power compared to conventional barbell exercises, however 
knowledge on hexagonal barbell exercises is limited by lack of studies. The current study 
examined differences in maximum strength between BS and HBD and differences in power 
characteristics between BJS and HBJS. Twelve resistance trained individuals (9 male, 3 
female) volunteered to participate. Participants performed one-repetition maximum (1RM) 
strength testing in the BS and HBD. Participants also completed loaded jump testing with 
BJS and HBJS at 0, 10, 20, 30, 40, and 50% 1RM. Jump height and peak power (PP) were 
measured using a linear position transducer (GymAware, Kinetics, Canberra, ACT). 
Results showed participants lifted significantly greater 1RM loads using the HBD relative 
to BS (p < .05). Peak power was greatest for both BJS and HBJS at 0% 1RM. There were 
no differences in PP between barbell conditions across the six relative loads despite HBJS 
being performed at greater absolute loads. Analysis of F-v characteristics showed 
participants demonstrated greater maximum power and maximum force under HBJS 
compared to BJS conditions (p < .05). The results suggest that HBD and HBJS may provide 
adequate alternatives to BS and BJS exercises but these alternatives may be more force 
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dominant and provide a greater stimulus for training maximum power. Future research 
should examine differences in training adaptations for these exercises. 
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Chapter 1 
INTRODUCTION 
 Power can be defined as the product of force (i.e., strength) and velocity (i.e., speed) 
(Kawamori & Haff, 2004). In most sports, power is an important quality as it has shown 
relation to performance in activities such as jumping, accelerating, and sprinting (Requena, 
Garcia, Requena, De Villarreal, & Cronin, 2011; Sleivert & Taingahue, 2004). These skills 
are important in sports such as soccer, football, and basketball as athletes attempt to out-
run and out-jump their opponent in order to gain possession of the ball, defend against 
opponents, and score for their team. Power may also influence playing time and 
competition level, as starters produce more power than non-starters and athletes at higher 
competition levels produce more power than those at lesser competition levels (Barker et 
al., 1993; Fry & Kraemer, 1991). In attempt to enhance athletic performance, improving 
power capabilities should be an important focus of strength and conditioning professionals.  
One critical element of power is the force-velocity (F-v) relationship. This 
relationship suggests that as the velocity of concentric muscle shortening increases, the 
amount of force produced decreases (Cormie, McGuigan, & Newton, 2011a). Maximal 
power (Pmax) occurs at neither maximum force nor maximum velocity (Haff & Nimphius, 
2012). Lower body Pmax can be directly measured during sprinting or jumping, however, 
expensive equipment, such as force plates (FP) or linear position transducers (LPT), make 
this impractical (Samozino, Morin, Hintzy, & Belli, 2008). More commonly, vertical jump 
(VJ) height is used as the best surrogate for lower body Pmax since VJ testing is easy to 
administer, inexpensive, and it involves a high intensity movement over a very short 
duration (Samozino et al., 2008). In research, loaded squat jumps are commonly used to 
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assess Pmax due to its relationship with athletic performance measures and its popularity as 
an exercise within training programs (Swinton, Stewart, Lloyd, Agouris, & Keogh, 2012).  
In strength and conditioning programs, power is typically developed initially with 
slow moving, heavy resistance exercises to improve strength (i.e., force production), and 
later on explosive exercises (e.g., plyometrics, ballistics) are employed to convert these 
slow moving strength gains into high-speed power (Bompa & Buzzichelli, 2015). Ballistic 
exercises (e.g., jump squats) are often used to train power because they allow for a longer 
acceleration of external loads than traditional resistance training exercises, which increases 
the force, velocity, and power produced during the exercise (Newton, Kraemer, Hakkinen, 
Humphries, & Murphy, 1996). Power observed in barbell jump squats (BJS) and, more 
recently, hexagonal barbell jump squats (HBJS) strongly correlate to performance in 
vertical jump and sprint activities (Requena et al., 2011; Turner, Tobin, & Delahunt, 
2015b). While barbell exercises are more extensively studied, the altered load position 
using a hexagonal barbell results in greater force, velocity, and power in deadlift (Swinton, 
Stewart, Agouris, Keogh, & Lloyd, 2011) and jump squat (Swinton et al., 2012) exercises. 
In addition, the hexagonal barbell allows for less stress on the lumbar spine, perhaps 
making it a safer alternative to certain barbell exercises (Swinton et al., 2011). 
Training at the load that optimizes Pmax has been recommended however this load 
as a percentage of one repetition maximum (1RM) varies among participants and exercises 
(Cormie & Flanagan, 2008). A consensus on a single optimal loading recommendation 
(i.e., % 1RM) to develop Pmax does not exist, however it appears lighter loads (≤ 30% 1RM) 
produce highest power in jump squats, moderate loads (> 30 to < 70% 1RM) for back 
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squats, and heavier loads (≥70% 1RM) for power cleans (Soriano, Jimenez-Reyes, Rhea, 
& Marin, 2015).  
A recent trend in strength and conditioning research is the examination of 
individual F-v profiles. While performance in ballistic exercises (e.g. jumping and 
sprinting) are closely related to Pmax, Samozino et al. (2013) suggested these performances 
are also related to an individual’s F-v profile. They discussed an optimal F-v profile 
(SFvopt), independent of Pmax, and indicated the difference in measured F-v slope (SFv) and 
SFvopt represents an individual’s F-v imbalance (Fvimb; Samozino et al., 2013). Jimenez-
Reyes, Samozino, Brughelli, and Morin (2017) found that an individualized training 
program focusing on reducing the Fvimb was more effective at improving jump performance 
than a traditional resistance training program that trained all subjects in a similar fashion. 
A reduction in participants’ Fvimb, regardless of improvement in Pmax, improved vertical 
jump performance. Individual F-v profiles have been used and shown effective at 
identifying individual training needs, however only BJS have been used to measure F-v 
jump profiles. Differences observed due to changing load position with HBJS warrant 
exploration of F-v profile using this exercise. This may provide an alternative and 
potentially safer exercise for determining individual F-v characteristics. 
Statement of Purpose 
The purpose of this study was to examine the differences between conventional and 
hexagonal barbells on power characteristics of jump squat exercises.   
Hypotheses 
There are two hypotheses to be tested for this study: 
1. Load positioning (BJS vs. HBJS) will have no effect on PP across relative loads.  
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2. F-v profile using HBJS will result in increased Pmax despite similar SFv compared 
to BJS. 
Assumptions of the Study 
For this study, the following assumptions were made at the start of the 
investigation: 
1. Participants are representative of typical recreationally-trained college students. 
2. Jumps at 0, 10, 20, 30, 40, and 50% 1RM are sufficient to reflect the entire F-v 
relationship. 
3. Muscle recruitment pattern was not altered at the various jump loads but was 
different in the HBJS versus BJS. Similarly, muscle recruitment pattern was not 
altered within a maximum strength testing session but was different between 
the BS and HBD 1RM exercises. 
4. Each participant’s Pmax existed at loads ranging from 0 (bodyweight) to 50% 
1RM, and greater power outputs would not occur outside of this range. 
Definition of Terms 
 The following terms are operationally defined for the purpose of this investigation: 
1. Maximal power (Pmax): maximal power output capability of an athlete occuring 
at the apex of the power-velocity curve (Morin & Samozino, 2016). 
2. Peak power (PP): maximal power output at any point in time during the 
concentric portion of a single repetition. 
3. Maximal theoretical force (Fmax): theoretical maximal force the athlete can 
produce at null velocity; represented as the y-intercept of participants’ linear F-
v relationship (Morin & Samozino, 2016).   
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4. Maximal theoretical velocity (vmax): theoretical maximal velocity the athlete 
can produce at null force; represented at the x-intercept of participants’ linear 
F-v relationship (Morin & Samozino, 2016). 
5. Hexagonal barbell: a hexagonal-shaped (i.e., 6 sides) barbell that allows the 
lifter to stand in the center of the frame. 
6. One repetition maximum (1RM): maximal amount of weight that can be 
successfully lifted for one repetition in a given exercise. 
7. Jump squat (e.g., HBJS, BJS): vertical jump initiated from a partial squat 
position (around 90° knee flexion) without the aid of any countermovement. 
8. Force-velocity profile: graphical representation of the inverse linear 
relationship between an athlete’s velocity capabilities at different loads. 
9. Observed F-v profile (SFv): measured slope of an individual’s F-v profile; the 
more negative the slope, the more force-dominant. 
10. Optimal F-v profile (SFvopt): optimal slope for F-v profile to maximize jump 
height for a given athlete; calculated using equations from Samozino, Rejc, Di 
Prampero, Belli, and Morin (2012). 
11. F-v imbalance (Fvimb): magnitude of difference between Sfv and SFvopt, 
expressed as a percentage (SFv / SFvopt x 100). Values above 100% signify 
force-dominance or velocity deficit, and vice versa. 
12. Linear position transducer (LPT): a device (e.g., GymAware) used to measure 
the displacement of an object with regards to time. Can be used to measure 
force, velocity, power, and jump height in various exercises. 
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Delimitations 
 The delimitations of the study were: 
1. Only recreationally trained college-aged individuals were used for this study.  
2. Only the BJS and HBJS exercises were used to determine F-v profiles.  
3. Loaded conditions for F-v profiling only included 10, 20, 30, 40, and 50% 1RM. 
4. Subjects only underwent one familiarization session for each jump exercise. 
5. Use of a countermovement was prohibited for jump trials. 
Limitations 
 The limitations of this study were: 
1. The results may only apply to recreationally trained college-aged individuals. 
2. The results may only be generalizable to the BJS and HBJS exercises. 
3. F-v profiles may be different using loads above 50% 1RM. 
4. Additional familiarization of jump squats could affect the results in the second 
F-v testing session. 
5. The results may only be generalizable to jumps performed without a 
countermovement. 
Summary 
Improving power capabilities is an important focus of many strength and 
conditioning professionals as they aim to help improve athletic performance. The F-v 
relationship plays a critical role in power development as power is a product of force and 
velocity. Lower body power is commonly assessed in research and targeted in training 
using loaded jump squat exercises. While majority of jump squat research has focused on 
BJS, there is a lack of research regarding HBJS. However the different load positions can 
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allow for greater force, velocity, and power production when using HBJS compared to BJS. 
HBJS may provide a safer and more effective alternative to BJS, however more research 
is needed examining F-v characteristics of the two exercises. The purpose of this study was 
to examine differences in power characteristics between conventional and hexagonal 
barbell exercises. It is anticipated that the present findings will provide strength and 
conditioning coaches with more insight to force and velocity related differences between 
BJS and HBJS. This information could help with individualization of athletes’ training 
programs to elicit more effective improvement in power capabilities, in turn improving 
athletic abilities.
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Chapter 2 
REVIEW OF LITERATURE 
Introduction 
This study examined differences in power characteristics between BJS and HBJS 
exercises. This literature review will first discuss the relationship between power and 
athletic performance. It will then provide a conceptual understanding of power and how it 
is developed in training. Training strategies will focus on the conversion of strength to 
power using ballistic exercises such as BJS and HBJS. Lastly, the use of F-v profiling as a 
means to assess individual differences in power characteristics will be discussed.  
Power and Athletic Performance 
The primary goal of training athletes is to improve on-field performance. In this 
regard, coaches aim to improve an athlete’s ability to perform different sport activities such 
as throwing, jumping, striking, changing direction, and accelerating. The ability to produce 
high levels of muscular power is a main determinant for success in these activities, as 
muscular power shares moderate to strong correlations with jump (r = .70 – .80) and 
sprint/acceleration (r = -.75 – -.66) performances (Newton & Kraemer, 1994; Requena et 
al., 2011; Sleivert & Taingahue, 2004; Turner et al., 2015b). Various equipment can be 
used to assess muscular power however the combined use of a linear position transducer 
(LPT) and force platform (FP) is suggested to provide the most valid and reliable 
measurement  (Dugan, Doyle, Humphries, Hasson, & Newton, 2004). Despite this 
recommendation, a survey of professional strength and conditioning coaches (n = 30) found 
only 16.7% of coaches used both LPT and FP, while 40% used only LPT and 30% used 
only FP (Williams et al., 2018). The use of field tests is a common practice among strength 
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and conditioning coaches as these tests are often easier to administer and can be done 
without expensive equipment such as LPT or FP. Coaches reported countermovement jump 
(66.7%) to be the most commonly used exercise to assess lower body power, with squat 
jump (10%), back squat (6.7%), power clean (6.7%), and sprinting (3.3%) used to a much 
lesser extent (6.7% did not test lower body power; Williams et al., 2018). The chosen lower 
body power test is often dependent on the needs of the athlete and the resources available 
to the coach or researcher.  
In research, loaded squat jumps (e.g., BJS or HBJS) are commonly used to measure 
lower body power due to their relationship with athletic performance and popularity within 
training programs (Swinton et al., 2012). Requena et al. (2011) found BJS Pmax of 
semiprofessional male sprinters (n = 21) correlated with VJ height (r = .70, p ≤ .01). 
Sleivert and Taingahue (2004) observed male rugby (n = 27) and basketball (n = 3) athletes 
and found BJS Pmax was negatively correlated with 5-m sprint times (r = -.66, p < .01). 
Turner et al. (2015b) examined relationships of Pmax using HBJS in seventeen professional 
male rugby players. HBJS Pmax correlated with acceleration performance (10-m sprint, r = 
-.70; 20-m sprint, r = -.75; p < .01) in addition to VJ height (r = .80, p < .01). It seems clear 
that Pmax is related to VJ, sprint, and acceleration performance.  
Success in these sport activities such as jumping and sprinting are further related to 
success within an athlete’s sport (Teramoto, Cross, & Willick, 2015). Teramoto et al. 
(2015) examined the prediction value of the National Football League (NFL) Scouting 
Combine on future performance of running backs (RB; N = 276) and wide receivers (WR; 
N = 447) using ten years of combine data. Running back performance was measured as 
rushing yards per attempt over the first three years of an NFL career and over the entire 
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NFL career. Wide receiver performance was measured as yards per reception over the same 
time frames. After accounting for the number of games played, draft position, height, and 
weight, the most important predictor of RB performance in the first three years (β = -3.182, 
r2 = .154, p = .002) and over a career (β = -0.407, r2 = .229, p < .001) was 10-yard dash 
performance. For WR, VJ was significantly associated with performance in the first three 
years (β = 0.300, r2 = .077, p = .001) and over a career (β = 0.251, r2 = .086, p = .004). The 
study shows that jump and sprint performances, of which power is an important 
contributor, are useful in predicting athletic success, albeit with only a small amount of the 
variance.  
The findings of Teramoto et al. (2015) add to previous research showing the 
relationship between lower body power tests and athletic performance measures (Burr et 
al., 2008; McGill, Andersen, & Horne, 2012). A two-year study examining collegiate 
basketball players (N = 14) found standing long jump, another test of lower body power, 
correlated with minutes played (r = .67), rebounds (r = .63), and blocks (r = .55) per game 
(McGill et al., 2012). Burr et al. (2008) found standing long jump to also be a significant 
predictor (β = -0.084, p = .028) in National Hockey League draft selection order in elite 
non-goalie players (n = 770). Thus it appears performance in lower body field tests of 
power is an important factor of on-field success and player evaluation. 
Another method for examining the relationship between power and athletic success 
is comparing physical characteristics between athletes of different competition levels (e.g., 
professional vs. semi-professional; Baker, 2001a, 2001b; Barker et al., 1993; Fry & 
Kraemer, 1991). Baker (2001a, 2001b) found that professional rugby players were 
significantly stronger and more powerful than both semi-professional and college-aged 
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rugby players. Baker (2001a) examined upper body strength and power in 19 national 
league professionals, 23 semi-professionals, and 17 city league rugby players. Despite 
similar body mass and height, players in the higher leagues were significantly stronger 
(1RM bench press = 140.1 ± 13.8, 121.1 ± 13.2, and 108.7 ± 16.0 kg, respectively) and 
more powerful (bench throw Pmax = 635 ± 87, 561 ± 57, 499 ± 81 W, respectively). Similar 
trends have been seen in American collegiate football, with higher division teams having 
stronger, more powerful players (Fry & Kraemer, 1991). Nineteen college football 
programs (n = 981) were surveyed for athlete performance (Fry & Kraemer, 1991). Results 
showed 1RM bench press (144.5, 135.2, 126.6 kg; η = 0.24), 1RM power clean (123.0, 
116.5, 113.0 kg; η = 0.23), 40-yard sprint (4.88, 4.92, 4.96 s; η = 0.24), and vertical jump 
(72.6, 69.3, 67.4 cm; η = 0.24) were significantly different between players of Division I, 
II, and III, respectively.  
Even within the same playing level, strength and power help differentiate athletic 
success by comparing starters versus non-starters (Barker et al., 1993). Barker et al. (1993) 
observed that in 59 college football players, starters exhibited greater strength (1RM back 
squat = 174.4 ± 34.5, 156.2 ± 24.6 kg, respectively) and power (VJ power = 176.3 ± 29.4, 
159.3 ± 19.5 kg∙m∙s-1, respectively) compared to non-starters. It is evident that power 
shares a strong relationship with fitness test peformances and sport success, however 
muscular strength appears as another contributor to success and may be important for 
power development.  
Literature generally shows that stronger athletes produce higher power outputs than 
weaker athletes. Peterson, Alvar, and Rhea (2006) examined the relationship between 
lower body strength and power in first-year college athletes (n = 55). They examined back 
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squat 1RM in relation to jump and sprint performances and found squat 1RM was highly 
correlated with VJ power (r = .92) and to a lesser extent sprint acceleration (r = .82) and 
velocity (r = .85). Further, Baker, Nance, and Moore (2001) found in male rugby players 
that back squat strength strongly correlated to BJS Pmax (r
2 = .63-.74, p ≤ .05). This 
relationship between strength and power is critcal to understand power training and 
provides rationale to strength being the fundamental basis for power (Haff & Nimphius, 
2012). 
Defining Power 
Mechanical power is defined as the rate of doing work and can also be calculated 
as force multiplied by velocity (See equations below; Kawamori & Haff, 2004). 
𝑃𝑜𝑤𝑒𝑟 =
𝑊𝑜𝑟𝑘
𝑇𝑖𝑚𝑒
 
=
𝐹𝑜𝑟𝑐𝑒 × 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑇𝑖𝑚𝑒
 
= 𝐹𝑜𝑟𝑐𝑒 × 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 
Based on these equations, to improve power capabilities of an athlete, training must focus 
on improving the force output of a muscle 
(i.e., strength) and/or the velocity/rate of 
muscle action. These variables are not 
independent of each other; an inverse 
relationship is known to exist between the 
amount of force produced during concentric 
shortening and the velocity of that muscle 
action, as shown in Figure 1 (Haff & 
Figure 1. Basic force-velocity relationship. 
Adapted from “Training Principles for 
Power,” by G.G. Haff and S. Nimphius, 
2012, Strength and Conditioning Journal, 
34(6), p. 7. Copyright 2012 by the National 
Strength and Conditioning Association 
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Nimphius, 2012; Kawamori & Haff, 2004). As the velocity of a concentric muscle action 
increases, the amount of force produced decreases (Cormie et al., 2011a). Due to this 
inverse relationship, Pmax occurs somewhere near the middle of the graph, at less than 
maximum force or velocity (Haff & Nimphius, 2012).  
 Physiologically, force is influenced by muscle structure (i.e., cross-sectional area) 
and neuromuscular function. Structural adaptations, such as muscle hypertrophy, allow for 
greater ability to produce force (Cormie et al., 2011a). Neuromuscular factors, such as 
motor unit recruitment, rate coding, and synchronization, further influence force (and 
power) production (Kawamori & Haff, 2004). High-threshold motor units, typically found 
in Type II muscle fibers, are more easily recruited as a result of training to produce greater 
force (Cormie et al., 2011a). Increased rate coding allows for faster firing of motor units, 
which increases strength and rate of force development (RFD; Kawamori & Haff, 2004). 
RFD allows for greater amounts of force to be produced over short periods of time, which 
is a characteristic of powerful actions (Newton & Kraemer, 1994). Increased motor unit 
synchronization allows for a greater number of motor units to be activated, resulting in 
greater muscle force and power (Cormie et al., 2011a). While these components are often 
not examined individually, the ability to assess and monitor power capabilities in athletes 
is essential to provide direction for training. 
Training for Power 
Power improvements are typically targeted using periodization, which is the 
systematic manipulation of training variables (e.g., intensity, volume) to focus on specific 
adaptations (Haff, 2016). A periodized approach is widely accepted by coaches as an 
effective method for improving strength and power while avoiding overtraining 
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(Willoughby, 1993). Bompa and Buzzichelli (2015) recommended strength-power athletes 
be trained using the following four periodization phases leading up to competition: 1) 
anatomical adaptation, 2) hypertrophy, 3) maximum strength, and 4) conversion (to 
power). In each phase, training variables are manipulated with intensity increasing and 
volume decreasing over the course of the annual plan (Kirby, Erickson, & McBride, 2010). 
The overall goal of a periodized model is for the athlete to be at peak level of fitness during 
the competitive season, however each phase will focus on a more specific ability since it 
is not possible to keep an athlete at maximum physical preparedness year-round (Bompa 
& Haff, 2009).  
Each periodization phase has individual goals to target specific adaptations for the 
strength-power athlete (Bompa & Buzzichelli, 2015). Earlier phases (e.g., anatomical 
adaptations, hypertrophy) attempt to improve strength by targetting structural adaptations 
while later phases (e.g., maximal strength, conversion) address neural adaptations. The 
anatomical adaptation phase aims to progressively adapt the muscles and tendons so that 
they are able to handle heavier loads in the future without injury. These changes in tendon 
and ligament strength are critical to injury prevention (McDonagh & Davies, 1984). This 
is followed by a hypertrophy phase, which attempts to improve strength by increasing 
muscle cross-sectional area. Larger cross-sectional area allows for greater adaptation in the 
maximum strength phase, in which heavier loads (≥ 85% 1RM) are used. During this phase, 
heavy training loads shift the focus in strength development towards improving 
neuromuscular factors, such as motor unit recruitment, rate coding, and synchronization 
(Kawamori & Haff, 2004). While this phase is critical to improve strength and power, 
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Bompa and Buzzicheli (2015) stated that some coaches will fall short of optimizing 
performance by failing to move onto the conversion phase.  
To improve power effectively, training should target balanced adaptations in force 
and velocity abilities (Haff & Nimphius, 2012). Figure 2a (adapted from Haff & Nimphius, 
2012) shows F-v curves before and after heavy resistance training. It can be seen that heavy 
resistance training creates a shift in the high force-end of the curve but less change at the 
high velocity-end. The goal of strength and conditioning coaches should be a balanced shift 
in the F-v curve (see Figure 2b), so that athletes can express power across a range of 
external loads and movement velocities (Haff & Nimphius, 2012). A combined, or mixed 
method of training, using high-force and high-power strategies, may best allow for this 
balanced shift (Harris, Stone, O'Bryant, Proulx, & Johnson, 2000).  
Harris et al. (2000) studied 51 collegiate football players who were randomly 
assigned to one of three groups: high-force, high-power, or combination training. All 
participants completed an initial 4-week high-volume training period and were then 
compared over a nine-week training intervention. The combination training group (n = 13) 
Figure 2. Potential training adaptations of force-velocity curve. Adapted from “Training 
Principles for Power,” by G.G. Haff and S. Nimphius, 2012, Strength and Conditioning 
Journal, 34(6), p. 7. Copyright 2012 by the National Strength and Conditioning 
Association 
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performed 5-weeks of heavy-load training followed by 4-weeks of combined high-force 
and high-velocity training. The high-force group (n = 13) only used heavy loads (80-85% 
1RM) for nine weeks and the high-power group (n = 16) used loads around 30% 1RM. 
Following the nine weeks, the combination training group showed improvement in a wider 
range of performance measures, exhibited by improved squat 1RM (+11.9%), VJ height 
(+2.9%), VJ peak power (estimated via Harman equation; +2.6%), and 10-yard sprint time 
(-1.4%). In agreement with the principle of specificity, the high-force group only improved 
squat 1RM (+9.8%), while the high-power group only improved VJ height (+3.9%) and 
peak power (+2.4%). The combination training group experienced improvement in both 
high-force and power/speed-related measures. As different skills related to strength, 
velocity, and power occur at different regions of the F-v curve, it appears that a balanced 
shift in F-v characteristics allows for a greater array of skill improvement. Heavy strength 
training can improve the force-end of the F-v curve, however high-speed/power training 
may be needed for improvement on the velocity-end of the curve and more complete athlete 
development.  
Converting Strength to Power 
A variety of different methods can be used during the conversion/power phase, 
however the primary goal is to increase RFD while maintaining maximum strength, thus a 
combination of heavy and light loads are commonly used (Darmiento, Galpin, & Brown, 
2012). Known as a mixed methods approach, this is believed to be the best and most 
frequently used strategy for converting strength gains to power. Bompa and Buzzichelli 
(2015) described a variety of exercises that can be used during this phase, such as 
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plyometrics and ballistics. These two types of exercises result in high force and RFD 
making them very applicable to power training (Cormie, McGuigan, & Newton, 2011b).  
 Plyometric exercises take advantage of the stretch reflex, in which a quick eccentric 
muscle action immediately followed by rapid concentric muscle action creates high force 
generation through a recoil-like effect (Booth & Orr, 2016). The VJ, performed with a 
countermovement, is one example of a plyometric exercise. A meta-analysis by Markovic 
and Mikulic (2010) found short-term plyometric training to improve VJ height by 7-13%. 
Another study found that ten weeks of plyometric training significantly improved squat 
jump and countermovement jump performance in male basketball players (n = 27) 
compared to a control group (Khlifa et al., 2010). By nature, plyometric exercises are also 
ballistic, however not all ballistic exercises are plyometric depending on the use of the 
stretch reflex. 
 During a ballistic exercise the athlete accelerates throughout an entire motion 
resulting in a projection of the athlete’s body mass and/or the external resistance (Bompa 
& Buzzichelli, 2015). This differs from traditional resistance exercise in which a 
considerable portion of the lift is spent decelerating the load so that its movement velocity 
reaches zero at the end range of motion (Newton et al., 1996). A study by Newton et al. 
(1996) showed that athletes produced greater average force (+35%), average velocity 
(+27%), and peak power (+67%) while performing a ballistic bench throw compared to a 
traditional bench press exercise. Another study found that 8-weeks of ballistic training with 
jump squats (26-48% 1RM) resulted in significant improvement from baseline in peak 
power (+28%) and RFD (+49%) despite no changes in muscle fiber type or 1RM 
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(Winchester et al., 2008). These differences with ballistics compared to traditional 
resistance exercises allow for beneficial training adaptations.  
In agreement with the mixed methods approach, the addition of ballistic exercises 
to traditional heavy resistance training programs are shown to be more effective at 
improving strength and power than heavy resistance training alone (Mangine et al., 2008). 
Mangine et al. (2008) examined the effects of combined ballistic and heavy resistance 
training versus heavy resistance training only over 8-weeks in recreationally trained men 
(n = 17). Both groups completed similar training programs, however the combined group 
had two traditional strength exercises (80-90% 1RM) replaced with two ballistic exercises 
(50-60% 1RM) for each session. The combined group (n = 8) showed greater increases in 
bench press 1RM (11.6%) and jump squat peak power (5.4%) compared to the heavy 
resistance training group (7.1% and 3.2% respectively; n = 9). These favorable differences 
to traditional resistance training are thought to benefit the development of sport-specific 
skills. A study by McEvoy and Newton (1998) found that baseball players (n = 18) 
significantly increased throwing (+2.0 ± 1.5%) and running (+9.0 ± 3.0%) speed when 
performing ballistic exercises with loads of 30-50% 1RM for 10-weeks compared to a 
control group (-0.4 ± 3.2%, +6.1 ± 2.7%, respectively). While this provides evidence for 
ballistic training being appropriate to improve power, the question of how to properly load 
such exercises remains less clear as the previously mentioned studies have used loads 
ranging from 26-60% 1RM.  
Optimal Loading for Pmax 
It has been suggested that when training to improve Pmax, the load which produces 
the greatest power output might provide the optimal stimulus for adaptation (Kawamori & 
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Haff, 2004). This has been hypothesized based on the principle of specificity, which states 
that training adaptations are specific to the muscles and joint angle trained along with the 
intensity and metabolic demands of the exercise (Hoffman, 2014). Cormie and Flanagan 
(2008) stated that the load at which Pmax is expressed is more effective at improving Pmax 
than lighter or heavier loads. For example, a 10-week training intervention involving 64 
recreationally trained men revealed that ballistic training at the load that maximized power 
output (~30% max isometric force) resulted in greater improvement in countermovement 
jump (+16.8%) and squat jump (+14.8%) performance compared to a traditional weight 
training group (+4.8, 6.3%, respectively) or a plyometric training group (+10.3, 6.5%, 
respectively; Wilson, Newton, Murphy, & Humphries, 1993). Another study found four 
weeks of ballistic training in-season attenuated decreasing vertical jump performance 
(Newton, Rogers, Volek, Hakkinen, & Kraemer, 2006). Fourteen female volleyball players 
were observed over 11 weeks during their competitive season. During the first seven weeks 
the players performed only traditional resistance training exercises and experienced a 5.4% 
decrease in approach jump and reach  performance (a volleyball-specific VJ test that allows 
a 3-step approach). The players then performed four weeks of ballistic training at the 
optimal load for Pmax and saw a 5.3% increase in jump performance relative to their 
performance following the first seven weeks. Thus, the training at Pmax produced superior 
results to the traditional resistance training by returning the athletes to their baseline jump 
performance which had been decreased from the heavy resistance training and competitive 
season demands.  
The previous studies support ballistic training at Pmax as a more effective means to 
improve power compared to traditional resistance training. However, controversy exists as 
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other research suggests the two training styles may be equally effective at improving 
power. Eighteen well-trained rugby players performed 7-weeks of jump squat training 
using either heavy loads (80% 1RM) or Pmax loads (20.0-43.5% 1RM) and changes in sprint 
ability were examined (Harris, Cronin, Hopkins, & Hansen, 2008). Both the heavy load 
and Pmax groups had similar improvements in 10-m sprint time (-2.9 ± 3.2, -1.3 ± 2.2%, 
respectively) and 30-m sprint time (-1.9 ± 2.8, -1.2 ± 2.0%, respectively), with no 
significant differences between groups. This is supported by the work of Saez Saez de 
Villarreal, Izquierdo, and Gonzalez-Badillo (2011) who showed similar increases in loaded 
jump power output and RFD occured after seven weeks of either heavy resistance training 
(i.e., 56-85% 1RM for 3-6 repetitions) or loaded countermovement jump training near Pmax 
(i.e., 70-100% of load that maximizes power output for 2-5 repetitions). However, these 
participants had relatively little training experience, thus significant improvement in VJ 
ability was likely regardless of the training stimulus (Saez et al., 2011).  
While research on the best strategy to improve power and vertical jump 
performance remains conflicted, it appears that performing ballistic exercises at Pmax may 
be as effective if not more effective as performing traditional resistance exercises using 
heavier loads. Discrepancies in athlete training status are thought to contribute to 
inconsistent research findings. Additionally, optimal loads for Pmax have been examined in 
various exercises and the occurrence of Pmax appears to be exercise-specific. Cormie, 
McCaulley, and Triplett (2007) compared Pmax using loaded jump squats, power cleans, 
and back squats and found Pmax occurred at different percentages of 1RM for each exercise. 
They found that jump squats at 0% 1RM (i.e., bodyweight) produced greater Pmax than 
power cleans or back squats at their optimal loads (80 and 56% 1RM, respectively). Meta-
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analysis by Soriano et al. (2015) found similar exercise-related differences for the 
occurrence of Pmax, providing rationale for research on new exercises.  
Strength and conditioning coaches routinely rotate different exercises in and out of 
their athletes’ programs to provide variation of training stimuli. The hexagonal barbell 
(HB) is used for alternatives such as HBD in place of back squats and HBJS instead of 
BJS. Although far less studied than BJS, the use of HBJS has emerged in recent literature 
(Swinton et al., 2012; Turner et al., 2015b; Turner, Tobin, Delahunt, 2015a). The change 
in load positioning occurring with the HB alters movement kinetics and kinematics and 
may provide a safer and more effective stimulus for training over conventional barbells in 
certain exercises (Swinton et al., 2011; Swinton et al., 2012). Swinton et al. (2011) found 
deadlift peak force, velocity, and power were all greater when using HB compared to a 
conventional barbell. The authors also noted that HB deadlifts resulted in less stress being 
placed on the lumbar spine observed by a decreased L5/S1 moment arm. In a study of 
loaded VJ, the HBJS resulted in greater force, power, velocity, and RFD compared to BJS 
when using the same absolute load (Swinton et al., 2012). Despite these benefits a lack of 
research on HBJS exists. Only one study appears to have examined the optimum load for 
Pmax in HBJS (Turner et al., 2015a). This study used elite male rugby players and found 
that Pmax occurred at loads of 10-20% of a box squat 1RM. This work shows slight inter-
subject differences, and no other studies appear to have examined Pmax with HBJS. One 
critique of Turner et al. (2015a) would be the use of the box squat 1RM to determine 
optimal loading for the HBJS. The box squat does not replicate a HBJS as closely as a 
HBD and therefore seems inappropriate to use for assigning relative loads. Thus, it appears 
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more research is needed to determine optimal loading of HBJS using methods more 
specific to the given exercise. 
In addition to being exercise-specific, the occurrence of Pmax may also be subject-
specific (Baker, 2001a, 2001b; Stone et al., 2003). Stone et al. (2003) found that stronger 
subjects expressed Pmax at heavier relative loads (up to 40% 1RM) and weaker subjects at 
lighter relative loads (10% 1RM). This trend was exhibited in both countermovement and 
static squat jumps. Interestingly, Baker (2001a, 2001b) found the opposite trend of stronger 
athletes expressing Pmax at lower relative loads in the jump squat and bench press throw. 
Reasons for these differences are unclear, however Baker hypothesized that since stronger 
athletes use greater absolute loads, there is more initial inertia to overcome making it more 
difficult to express Pmax at higher percentages. In contrast, other studies observed Pmax to 
occur at similar percentages of 1RM regardless of individual strength (McBride, Triplett-
McBride, Davie, & Newton, 1999; Nibali, Chapman, Robergs, & Drinkwater, 2013). Meta-
analysis showed across groups of elite athletes that little difference exists in jump squat 
optimal load, typically occurring between 0-30% of 1RM (Soriano et al., 2015). 
Discrepancies throughout the literature on optimal loads for Pmax may indicate that inter-
subject differences are attributable to more than just differences in maximum strength, and 
perhaps different athlete characteristics need to be considered.  
F-v Profiling 
 With periodization, each athlete often goes through the same training stages, 
regardless of individual characteristics. This has potential to be inefficient, as athletes can 
possess different F-v characteristics, thus portraying different needs for force or velocity 
improvement (Samozino et al., 2012). Inconsistent findings for whether heavy loads 
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(Harris et al., 2008) or light loads (Wilson et al., 1993) better improve power support this 
notion of different individual F-v needs.  
Recent research in F-v profiling showed training based on F-v profile can improve 
VJ performance (+7.22-14.2%) over a 9-week period (Jimenez-Reyes et al., 2017). Using 
procedures from Samozino et al. (2008), 84 trained athletes underwent F-v profile testing 
and were placed into the following training groups based on their profiles: force deficit (n 
= 22), velocity deficit (n = 18), well-balanced (n = 6), non-optimized (n = 18), and control 
(n = 20). Athletes then followed a specific training program based on their group, which 
targeted their deficiency on the F-v spectrum. The well-balanced and non-optimized groups 
followed similar programs that targeted the entire F-v spectrum equally. Following 9 weeks 
of training, all participants in the F-v groups improved jump height, while the non-
optimized group only saw improvements in 10 of 18 participants. As a group, the force 
deficit, velocity deficit, and well-balanced groups saw the greatest level of change in jump 
height (14.2, 12.7, and 7.22% respectively) while the non-optimized group improved by 
only 2.33%.  
Reduction in force/velocity deficit (i.e., force-velocity imbalance [Fvimb]) resulted 
in significant jump improvement regardless of Pmax changes. Thus, the addition of Pmax 
improvement could further increase jump ability which may help with sport performance. 
While this work by Jimenez-Reyes et al. (2017) is currently the only study of its kind, it 
shows that training specific to an individual’s F-v characteristics can be more effective at 
improving jump height than traditional training programs that do not account for individual 
differences. In relation to the training goal of a balanced F-v curve shift, individual F-v 
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profiling allows for the F-v curve to become optimal first allowing for better expression of 
power.  
The findings of F-v profile research are not to say periodized training is obsolete. 
Rather, it adds another method to increase specificity and individualization of training. 
Samozino et al. (2012) have found that most athletes will present a Fvimb indicating either 
a force-deficit or a velocity-deficit. Thus far, F-v profiling has been examined primarily 
using BJS. The comparison of F-v profiles using an alternative exercise (i.e., HBJS) could 
provide coaches with an additional means to assess athlete power capabailities while also 
providing insight to F-v characteristics specific to the HBJS exercise. 
Summary 
 Improving the power capabilities of athletes is often a goal for strength and 
conditioning coaches. Power exhibits a strong relationship to athletic abilities (e.g., 
jumping and sprinting). Athletes at higher competition levels exhibit greater power 
abilities, thus training to improve power appears to be one component to creating a better 
athlete. Strength is critical to power capabilities, however the focus to also improve 
velocity (e.g., RFD) should not be neglected. Examining the current literature, the debate 
still exists about how power improvements may best be achieved. A periodized model 
remains the most commonly used approach for strength-power athlete development, 
however periodization has its limitations. Individualized training based on F-v profiling 
possesses the ability to target specific needs of each athlete and ensure an optimal F-v curve 
is obtained. This allows for strength and conditioning coaches to then return to a periodized 
model to further promote strength and power development.  
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Although strength is of fundamental importance to the development of power, the 
conversion phase to power must not be neglected. Through use of plyometric and ballistic 
exercises, athletes can improve the velocity end of the F-v curve, resulting in greater power 
expression and better application to sport activities. Loading for ballistic exercises often 
targets the load that maximizes power, as this can be more effective for improving Pmax 
than heavier or lighter loads and follows the principle of specificity. However, this load is 
both exercise- and subject-specific making recommendations difficult for strength and 
conditioning coaches. Individual differences in force and velocity capabilities likely 
attribute to these differences in optimal loads observed between subjects. Force-velocity 
profiling presents a more individualized assessment of these capabilities and may help 
optimize training programs. Determining the effects of load positioning (BJS vs. HBJS) on 
individual F-v profiles could provide strength and conditioning coaches with an alternative 
and potentially safer exercise to assess individual athlete F-v characteristics. This 
information could help with individualization of athletes’ training programs to elicit more 
effective improvement in power capabilities, in turn improving athletic abilities.
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Chapter 3 
METHODS 
This chapter describes the methods of data collection and analysis for examining 
maximum strength and power characteristics of conventional and hexagonal barbell 
exercises. The methods section identifies participant characteristics along with 
experimental procedures and the statistical analysis procedures employed.  
Participant Characteristics 
Following approval from Ithaca College’s Institutional Review Board for Human 
Subjects Research, participants were recruited from the Ithaca College campus. Twelve 
volunteer participants (9 males and 3 females) were recruited and completed written 
Informed Consent (Appendix A) and Health Screening Questionnaire (Appendix B). Their 
mean (± SD) age, mass, and height were 23.7 (± 2.6 years), 81.4 (± 16.1 kg), and 1.76 (± 
0.9 m), respectively. Participants were required to have been resistance training for the past 
6 months. Participants were excluded if they had any current injuries or medical concerns 
as identified by the Health Screening Questionnaire, or were unable to attend all testing 
sessions. G*Power (v3.1.9.2; Universitat Kiel, Germany) was used to confirm the sample 
size of 12 was sufficient for repeated measures analysis of variance (ANOVA) on PP in 
the BJS, using a previously established effect size of η2 = 0.435 (Cormie et al., 2007) and 
a power level of .8 when significance was set at .05. 
Experimental Procedures 
 Participants were asked to complete four testing sessions. Each testing session took 
place at the same time of day (± 1 h) and sessions were separated by two to five days. 
Participants were randomly divided into two groups to control for the effect of testing 
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order. Group A completed the conventional barbell exercises first and Group B started with 
hexagonal barbell exercises. For both groups, sessions 1 and 3 consisted of maximum 
strength testing in either barbell back squat (BS) or hexagonal barbell deadlift (HBD) along 
with familiarization for subsequent jump testing. Sessions 2 and 4 consisted of F-v jump 
testing using either BJS or HBJS. Each group performed all four testing sessions over a 
two to three week period (see Figure 3). 
 
 
 
Maximum Strength Testing 
Maximum strength was assessed using a one-repetition maximum (1RM) test for 
the barbell back squat (BS) and hexagonal barbell deadlift (HBD). All 1RM testing was 
overseen by a Certified Strength and Conditioning Specialist. After completing a 
Figure 3. Testing sequence for groups A and B. 1RM = one-repetition maximum (strength 
test); BS = back squat; BJS = barbell jump squat; HBD = hexagonal barbell deadlift; HBJS 
= hexagonal barbell jump squat; F-v = force-velocity 
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standardized 10-minute dynamic warm-up, participants performed maximal testing using 
the procedures of Sheppard and Triplett (2016). Thus participants performed four warmup 
sets beginning with a light load (50% of self-predicted 1RM) and progressively increased 
the load each set. Participants then completed 3-5 additional sets of single repetitions to 
find their 1RM. Participants were given 2-5 minutes rest between each set. Successful 
completion of each lift was considered to have occurred if at no point during the ascent 
was the barbell lowered, and if at the top of the movement the body was held erect with 
the knees and hips fully extended (Swinton et al., 2012).  
Lifting technique for the HBD was instructed and performed as described by Lockie 
and Lazar (2017). Start position for the HBD was initiated from a static position with the 
weight on the floor. Following a successful lift, participants were instructed to lower the 
weight back to the floor in a controlled manner. When performing the BS, participants 
began in an upright position and were required to descend to a depth where the middle of 
the thigh was parallel to the ground. To ensure proper and consistent depth was met, 
participants lowered to touch a box. 1RM score was recorded as the final load successfully 
lifted. 
 Following the maximal strength test, participants were familiarized with the jump 
testing protocol. Practice jump trials were performed with external loads of 0, 10, 30, and 
50% 1RM of the tested strength exercise (either BS or HBD). This allowed participants to 
experience jumping with a range of loads to be used for F-v profile determination.  
F-v Jump Testing 
Participants’ F-v characteristics were measured using the procedures of Samozino 
et al. (2008). Lower limb length was measured on the right side of the body from iliac crest 
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to tip of the toes at maximal plantar flexion in a supine position (Samozino et al., 2008). 
Participants performed either BJS or HBJS at 0, 10, 20, 30, 40, and 50% 1RM of their BS 
and HBD during session two and four (see Figure 3). Only one exercise was performed per 
session (either BJS or HBJS) and participants were always required to jump from a static 
position at 90° knee flexion. Static position was measured (distance from iliac crest to 
ground) and held constant by having participants lower to touch a box. Once set in this 
position, participants were instructed to jump vertically as high as possible. The 0% load 
was performed with a PVC dowel placed across the shoulders for BJS trials or a PVC 
“hexagonal barbell” for HBJS trials to closely replicate loaded conditions. A minimum of 
three valid trials were performed at each load, with an additional trial added if ≥ 10% height 
difference between the best two trials occured. Participants were given 60-seconds rest 
between each jump trial and 3-minutes rest between different loads (Turner et al., 2015a). 
The best trial score at each load was recorded and used for statistical analysis. 
Peak power and jump height were measured for each trial using a linear position 
transducer (GymAware, Kinetics, Canberra, ACT). GymAware has been shown to produce 
valid (Banyard, Nosaka, Sato, & Haff, 2017) and reliable measurements of force (CV = 
4.2-7.9%), velocity (CV = 1.3-2.6%), and power (CV = 4.2-9.4%; Hori & Andrews, 2009). 
Peak power was examined to determine which load produced maximal power. Body mass, 
jump height, and vertical push-off distance (acquired from lower limb length minus start 
position) were used in equations developed by Samozino et al. (2008) to create F-v profiles 
for each participant. From these equations, variables of maximum theoretical force (Fmax), 
maximum theoretical velocity (vmax), maximum power (Pmax), and F-v slope (SFv) were 
obtained.  
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Statistical Analysis 
 Data was checked for normality using z-scores for skewness and kurtosis with 
values between -2 and +2 deemed acceptable (George & Mallery, 2010). Paired samples t-
tests were used to examine differences in normalized strength scores (load lifted divided 
by body mass) between BS and HBD. A 2x6 repeated measures ANOVA was conducted 
to compare peak power output between exercises across all loads. Differences in F-v profile 
variables (Fmax, vmax, Pmax, and SFv) were examined between BJS and HBJS exercises using 
paired samples t-tests. Statistical significance for all analyses was set at p < .05. Statistical 
analyses were conducted using IBM SPSS Statistics, Version 24 (Armonk, NY).  
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Chapter 4 
RESULTS 
This chapter details results comparing the strength and power characteristics of 
conventional and hexagonal barbell exercises. Statistical analysis of maximum strength 
scores, PP, and F-v profile variables are presented. Maximum strength is expressed as 
normalized strength scores. The F-v profile variables presented are maximal theoretical 
force (Fmax), maximal theoretical velocity (vmax), maximal power (Pmax), and observed F-v 
profile slope (SFv). Raw data can be found in appendices C and D. 
Maximum Strength 
 Descriptive statistics for maximum strength measures are found in Table 1. 
Statistical anlaysis of strength scores showed participants exhibited greater (29.7%) 
strength under HBD relative to BS conditions (Figure 4). A paired samples t-test showed 
these differences to be significant, with Cohen’s d indicating a large effect (t(11) = 6.35, p 
< .001, d = 1.83).  
 
Table 1  
 
Back Squat (BS) and Hexagonal Bar Deadlift (HBD) Maximum Strength Comparison 
 HBD  BS  
Strength Measure   Mean ± SD  Mean ± SD ES 
1RM (kg)  164.47 ± 52.39  127.65 ± 42.70 1.81* 
Normalized Strength Score 
(1RM/BM) 
2.01 ± 0.55  1.55 ± 0.41 1.83* 
Note.  Student's t-test. *p < .001. 1RM = one-repetition maximum. BM = body mass 
(kg). ES = Cohen’s d (> 0.2 = small effect, > 0.5 = medium effect, > 0.8 = large effect).  
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Peak Power Output 
 ANOVA table can be found in Table 2. There was no significant Condition x 
Relative Load interaction for PP (F(1.57,17.23) = 0.98, p = .375, ηp2 = 0.08). There was no 
significant main effect for barbell condition on PP (F(1,11) = 0.19, p = .668, ηp2 = 0.02) 
despite HBJS being performed at greater absolute loads.  However, there was a significant 
main effect for relative load on PP (F(1.80,19.79) = 23.62, p < .001, ηp2 = 0.68).  
Descriptive statistics for PP observed at each relative load for BJS and HBJS 
conditions can be found in Table 3 and shown in Figure 5. Peak power at the 0% load was 
greater than at all other loads for both BJS and HBJS. The greatest difference was seen 
between the 0% and 50% loads (t = 6.06, pbonf = .001), with PP being 43.3% greater at the 
0% load relative to the 50% load condition in both exercises. Peak power at the 10%, 20%, 
and 30% loads were significantly greater than at the 50% load (t = 4.46, 4.60, 5.15 
respectively, pbonf < .05). There were no significant differences between PP at the 10%, 
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Figure 4. Normalized strength for back squat (BS) and hexagonal barbell deadlift (HBD) 
exercises. *p < .001. 
* 
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20%, 30%, and 40% loads. Additionally, no significant difference existed between PP at 
the 40% and 50% loads.   
 
Table 2 
 
Peak Power: 2x6 (Condition x Relative Load) Repeated Measures ANOVA Summary 
Table 
 SS df MS F p ηp2 
Condition 63593.49 1 63593.49 0.19 .668 0.02 
Error (Condition) 3606494.30 11 327863.12    
Relative Load 38889626.15a 1.80a 21618143.29a 23.62a < .001a 0.68 
Error (Relative Load) 18108490.60 19.79 915111.87    
Condition x Relative 
Load 
1251697.34a 
1.57a 798969.10a 0.98a .375a 0.08 
Error (Condition x 
Relative Load) 
14011006.35 
17.23 813031.36    
Note. Type III Sum of Squares. aGreenhouse-Geisser correction used. 
 
Table 3 
 
Power Outputs for Barbell Jump Squat (BJS) and Hexagonal Barbell Jump Squat 
(HBJS) at each Relative Load 
Relative Load 
(% 1RM) 
BJS HBJS 
Peak Power (W) ± SD Peak Power (W) ± SD 
0% 5357 ± 2055ef 5189 ± 1648cdef 
10% 4152 ± 1364f 4562 ± 1671 
20% 4107 ± 1284f 4238 ± 1479a 
30% 4034 ± 1211f 3977 ± 1418a 
40% 3838 ± 1191a 3819 ± 1118a 
50% 3704 ± 1139abcd 3657 ± 1161a 
Note. 1RM = one-repetition maximum. aSignificantly different from 0%; bsignificantly 
different from 10%; csignificantly different from 20%; dsignificantly different from 30%; 
esignificantly different from 40%; fsignificantly different from 50% (p < .05).  
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Force-Velocity Profile Comparison 
 Descriptive statistics for variables obtained from F-v profiles are found in Table 4. 
Data showed Pmax was 17.4% greater in HBJS relative to BJS. Similarly, Fmax was 14.4% 
greater in HBJS relative to BJS (Figure 6). Paired samples t-tests showed these differences 
to be significant (Pmax t(11) = 4.93, p < .001) (Fmax t(11) = 3.94, p < .005). There were no 
significant differences in either vmax or SFv for BJS and HBJS (p > .05) conditions. Data 
showed that the HBJS resulted in an upward shift of the F-v profile compared to BJS, due 
to significantly greater Fmax and Pmax with no significant difference in SFv.  
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Figure 5. Peak power outputs (watts) from barbell jump squat (BJS) and hexagonal barbell 
jump squat (HBJS) conditions at various relative loads (percentage of one-repetition 
maximum). Error bars represent standard deviations. aSignificantly different from 0%; 
bsignificantly different from 10%; csignificantly different from 20%; dsignificantly 
different from 30%; esignificantly different from 40%; fsignificantly different from 50% (p 
< .05). 
 
 
 
35 
 
 
 
Table 4  
 
Force-velocity Profile (FVP) Comparison for Barbell Jump Squat (BJS) and Hexagonal 
Barbell Jump Squat (HBJS) Conditions 
 HBJS  BJS   
FVP Variable   Mean ± SD  Mean ± SD t ES 
Fmax (N/kg)  53.56 ± 13.97  46.80 ± 9.90 3.94* 1.14 
vmax (m/s) 2.43 ± 0.75  2.35 ± 0.63 1.00 0.29 
Pmax (W/kg) 31.18 ± 8.13  26.56 ± 5.53 4.93** 1.42 
SFv (N∙s/m∙kg) -24.47 ± 10.72  -21.55 ± 7.58 -2.12 -0.61 
Note.  Student's t-test. *p < .01. **p < .001. ES = Cohen’s d (> 0.2 = small effect, > 0.5 = 
medium effect, > 0.8 = large effect). 
 
 
 
Figure 6. Mean force-velocity profiles for barbell jump squat (BJS) and hexagonal barbell 
jump squat (HBJS) 
 
Summary 
 The HBD resulted in significantly greater normalized strength scores compared to 
BS. Peak power was greatest at the 0% condition for both BJS and HBJS, and was lowest 
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conditions despite HBJS being performed at greater absolute loads. In comparison of F-v 
profile variables, Fmax and Pmax showed significant differences in BJS versus HBJS, with 
both values being greater with HBJS. No significant differences were seen across any other 
F-v profile variables analyzed.  
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Chapter 5 
DISCUSSION 
 The purpose of this study was to examine differences in power characteristics 
between BJS and HBJS exercises. There were three main findings from the current study: 
(1) participants lifted greater 1RM loads under HBD relative to BS conditions, (2) there 
was no significant difference in PP between BJS and HBJS conditions, and (3) F-v profile 
characteristics under HBJS conditions resulted in greater Pmax and Fmax compared to BJS. 
These findings confirmed the initial hypotheses that: (1) load position (BJS vs. HBJS) 
would have no effect on PP across all relative loads and (2) HBJS F-v profiles would 
display greater Pmax despite similar SFv compared to BJS F-v profiles. The 1RM finding 
confirms a previous report (Swinton et al, 2012), but this study is the first to examine HBJS 
using percentages of HBD 1RM. This is also the first study to examine F-v profiles using 
the hexagonal barbell. 
Strength levels of participants in the current study are similar to those reported in 
previous literature. Participants in the current study lifted 2.01 times body mass (164.47 ± 
52.39 kg) in the HBD and 1.55 times body mass (127.65 ± 42.70 kg) in the BS. Relative 
strength numbers in BS and HBD were less than those reported by Swinton et al. (2012) 
but similar to those reported by Stahl et al. (2017). Swinton et al. (2012) used trained rugby 
union athletes thus these participants exhibited slightly greater relative (HBD = 2.07; BS 
= 1.63) and absolute (HBD = 195.4 ± 18.3 kg; BS = 153.7 ± 20.3 kg) strength numbers, 
while Stahl et al. (2017) used a similar population of recreationally trained college students 
and reported very similar relative (HBD = 2.02; BS = 1.52) strength numbers to those in 
the current study.  
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Normalized strength was 29.7% greater under HBD compared to BS conditions, 
and is likely due to mechanical differences between each exercise. Currently no research 
exists examining the kinetic or kinematic differences between HBD and BS. Research 
comparing the BS to the conventional deadlift has shown greater loads lifted under 
conventional deadlift conditions (Choe, Coburn, Costa, & Pamukoff, 2018). Choe et al. 
(2018) attributed this to the conventional deadlift having a greater hip extensor net joint 
moment leading to greater positive hip extensor work. The hip joint musculature has a 
larger cross-sectional area than the knee joint musculature, and muscle cross-sectional area 
is highly correlated with force production ability (Cormie et al., 2011a). Therefore, having 
greater hip positive joint work results in the ability to lift heavier loads in the conventional 
deadlift compared to the BS.  
Lockie et al. (2017) examined differences in 1RM lifting mechanics between the 
conventional deadlift and HBD. They found greater loads were completed in the HBD, and 
attributed this primarily to the reduced bar displacement required due to the handle height 
in the HBD. Additionally, the researchers presumed the hexagonal barbell design, which 
allows for the load to be kept closer to the lifter’s body, placed the lifter in a more 
biomechanically advantageous position to produce external force and joint torques. 
Swinton et al. (2011) found that the change in load position with the HBD resulted in 
decreased moment arm length at the lumbar spine, hip, knee, and ankle. In agreement with 
these kinematic findings, Camara et al. (2016) found the low handle HBD resulted in 
significantly greater EMG activity of the quadriceps along with reduced EMG activity of 
the hamstrings and erector spinae. These kinetic and kinematic differences observed 
between BS and conventional deadlift, and conventional deadlift and HBD explain the 
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differences in maximum strength shown between the two exercises used in the current 
study. 
Power levels of participants in the current study are similar to those previously 
reported. In the current study, the highest PP was achieved at 0% relative load for both 
jump exercises (HBJS = 5189 ± 1648 W; BJS = 5357 ± 2055 W). Jump squat PP values 
have been shown in the literature to range from 4324 W (Swinton et al., 2012) to 8880 W 
(Argus, Gill, Keogh, & Hopkins, 2011). Participants in the current study presented PP near 
the lower end of this range, which is expected given that they were recreationally trained 
college students and not elite athletes such as those examined by Argus et al. (2011). 
Although participants in Swinton et al. (2012) were trained rugby athletes, these 
researchers used force plates rather than GymAware to measure PP. GymAware has been 
shown to overestimate PP (systematic bias = 45 to 401 W; random error = ±611 to ±879 
W) compared to force plates (Crewther, et al., 2011), however this device was chosen for 
the current study due to its increased portability and lower cost thus making it more 
practical for the strength and conditioning practitioner. 
Kinetic and kinematic differences from change in load position appear to also affect 
BJS and HBJS by allowing for similar power outputs despite HBJS being performed at 
greater absolute loads. In the current study, the greatest PP was observed at 0% 1RM for 
both exercises and there was no differences in PP between BJS and HBJS across the six 
relative load conditions. For BJS, this is in agreement with previous findings however 
HBJS has been shown to produce greater PP at 10-20% 1RM loads (Turner et al., 2015a). 
In contrast to the current study, however, Turner et al. (2015a) prescribed loads relative to 
BS 1RM, thus the 10-20% loads reported were lighter than the 10-20% loads used in the 
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current study. At the same absolute load, the altered position of HBJS allows participants 
to jump higher and generate greater force, power, and velocity compared to BJS (Swinton 
et al., 2012). Swinton et al. (2012) concluded that the change in load position with the 
hexagonal barbell allows the athlete to better replicate their unloaded vertical jump 
technique by allowing for a more inclined trunk angle. With a barbell on their back, an 
athlete must alter jump technique to maintain a more upright torso in order to limit forces 
at the lumbar spine. However, with the reduced moment arm from the change in bar 
position the athlete can adopt a more inclined trunk similar to their unloaded jump 
technique. Additionally, Swinton et al. (2012) noted that, given the mechanical advantage 
using the hexagonal barbell, performing both BJS and HBJS at the same absolute loads 
results in HBJS loads being relatively lighter than BJS loads. This would allow for 
participants to accelerate the bar more effectively and explain the greater force, power, and 
velocity shown when comparing BJS and HBJS at the same absolute loads. This 
relationship explains the PP trends of the current study, in that HBJS was able to produce 
similar PP to BJS despite HBJS being performed at greater absolute loads. 
The kinetic differences presented by Swinton et al. (2012) appear to have a greater 
effect on force and power outputs and lesser influence on velocity. In their study comparing 
BJS and HBJS across 0, 20, 40, and 60% of BS 1RM, peak force was significantly greater 
across all loaded conditions for the HBJS compared to BJS. Peak velocity was significantly 
greater for HBJS at 20 and 60% 1RM but did not differ at 40% 1RM. It appears the change 
in load position may have greater influence on force output, perhaps due to the ability to 
handle greater absolute loads with the hexagonal barbell, while velocity is less affected. 
This is supported further by the F-v profile findings of the current study.  
41 
 
 
 
The F-v profile variables in the current study (Pmax = 26.56-31.18 W/kg; vmax = 
2.35-2.43 m/s) were similar to those reported by Jimenez-Reyes et al. (2017) for Pmax (23.2-
30.7 W/kg) and vmax (2.21-4.29 m/s), however Fmax was slightly greater in the current study 
(46.80-53.56 N/kg versus 29.1-43.4 N/kg). In the current study the majority of participants 
presented a velocity-deficit while the sample used by Jimenez-Reyes et al. (2017) 
contained a balanced number of velocity- and force-deficit individuals, thus explaining 
why greater force values may have been presented in the current study.    
The current study is the first to examine F-v jump profiling using the HBJS, as F-v 
profiles are typically created via BJS. Results showed the F-v profiles via HBJS resulted 
in greater Fmax and Pmax, despite no difference seen in vmax or SFv. This can be explained 
given the equations of force equals mass times acceleration and power equals force times 
velocity (Kawamori & Haff, 2004). Since greater loads (i.e., mass) can be lifted with the 
hexagonal barbell, and acceleration is able to be maintained or increased, the result would 
be greater force generated. With greater force generated and velocity remaining constant 
or increasing, greater power is produced.  
Only one prior study used an alternative exercise (BJS with countermovement) in 
determination of F-v jump profiles (Jimenez-Reyes et al., 2014), and the present study is 
the first to use HBJS. Typically, F-v profiles are determined using BJS from a static 
position (i.e., no countermovement). Jimenez-Reyes et al. (2014) compared the differences 
in F-v profiles using a BJS with countermovement compared to the standard BJS without 
countermovement. Findings from their study showed BJS with countermovement resulted 
in greater Pmax, Fmax, and vmax. Interestingly, addition of a countermovement resulted in 
22.6% greater Fmax but only a 13.4% greater vmax. These authors concluded that the neural 
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and/or mechanical mechanisms involved in the countermovement jump have a greater 
impact during high force/low velocity movement than in low force/high velocity 
movement. It appears that a similar trend may exist with HBJS load position, in that 
mechanical differences between BJS to HBJS have greater impact on force production than 
on velocity of movement. This could be due to jump squats already being a high velocity 
movement, therefore there is greater ability to influence force production rather than 
velocity of the exercise. 
Limitations 
 A potential limitation is the sample population being recreationally trained 
individuals. Previous BJS research has often been done using trained athletes and HBJS 
PP research has been performed with trained rugby athletes. Although the relative strength 
of the current participants compares favorably to those in related studies (Stahl et al., 2017) 
it is noted that power capabilities of current participants were inferior to others shown in 
jump squat power research (Argus et al., 2011). Therefore it is possible that some of the 
findings in the current study can be attributed to the training status of the population used 
and thus may not be applicable to highly trained or elite athletes. Additionally, jump squat 
research is likely more applicable to well trained sport athletes, as lower body power is a 
key component of many different sports. Future research should examine HBJS in a variety 
of athlete populations. 
 Previous F-v profile research has typically been performed on a Smith machine in 
order to eliminate horizontal bar displacement and only measure vertical displacement. 
Due to the nature of this study comparing conventional and hexagonal barbells, the use of 
a Smith machine was impractical. This could however influence the comparison of the 
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current study with previous F-v research. Additionally, F-v profiles are typically measured 
using force plates however the current study chose GymAware as the measurement device 
in order to provide a more practical approach for the strength and conditioning practitioner 
due to the equipment’s portability and cost compared to force plates. GymAware has been 
validated (Banyard et al., 2017) against force plate data measurement of force, velocity, 
and power, however the device has also been shown to overestimate jump height by 7.0 ± 
2.8 cm (O'Donnell, Tavares, McMaster, Chambers, & Driller, 2017). The overestimation 
of jump height would influence F-v profile results; however this was consistent for both 
exercises therefore the barbell comparison within the current study was not deemed to be 
negatively affected. This could however influence the comparison of the current study to 
past F-v profile research. Future research should compare F-v profiles of BJS and HBJS 
using force plate measurement to determine if HBJS is a valid alternative exercise for the 
creation of F-v profiles. Comparison of F-v profiles using the Smith machine versus free 
weights should also be examined to determine if there is substantial horizontal bar 
displacement to alter F-v profile results. 
 This study was the first to examine HBJS PP at relative loads based on HBD 1RM. 
This resulted in HBJS being performed at greater absolute loads compared to BJS. This 
methodology limits the comparison of the current study to previous HBJS research. 
However, using HBD to assign percentage load for HBJS was deemed more appropriate 
given that HBD is a closer representation of HBJS technique than BS. Future research 
could examine similarities between dumbbell jump squats and HBJS, given both share a 
similar change in load position compared to BJS. The use of dumbbell jump squats would 
allow for lighter loads to be used considering hexagonal barbells typically weigh 20 kg or 
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more. It is possible greater PP could be seen at loads between 0 and 10% of HBD 1RM, 
and dumbbell jump squats could be an alternative option to HBJS to target loads within 
this range. 
Practical Implications 
 Results of this study highlight that the examined conventional and hexagonal 
barbell exercises show many similarities and thus may be useful alternatives for each other 
at submaximal loads. The relationship shown between BS and HBD may allow for 
percentage-based training to be determined for both exercises while only needing to 
directly test one. Thus, BS training loads (based on percentage of BS 1RM) could be 
estimated from an athlete’s HBD 1RM. This is important regarding athlete safety, as the 
HBD is generally viewed as a safer alternative to the conventional deadlift and BS due to 
apparent reduced forces on the lumbar spine. Regarding jump squat exercises, it appears 
that BJS and HBJS may be appropriate alternatives for one another when loads are 
determined from the respective strength exercise (i.e., BS for BJS and HBD for HBJS). 
Thereafter, when the goal is to elicit the greatest PP from the athlete, strength and 
conditioning coaches can prescribe bodyweight (i.e., 0% 1RM) jump squats. At 
submaximal loads of respective strength exercises, BJS and HBJS are likely to produce 
similar power outputs. However, given the observed F-v characteristics, HBJS may provide 
an additional stimulus for force and power production along with an equal or potentially 
greater velocity stimulus. Future research should examine differences in training 
adaptations from using HBJS compared to BJS.  
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Summary 
 In the current study and as seen once before (Swinton et al., 2012), participants 
were able to lift greater loads in the HBD compared to the BS likely due to the kinetic and 
kinematic differences of the two exercises. Similarly, these kinetic and kinematic 
differences affect force, power, and velocity achieved in BJS and HBJS. At the same 
absolute loads, HBJS allows for greater force, power, and velocity, however at the same 
relative loads (i.e., percentage of BS for BJS and HBD for HBJS) there are no differences 
in PP between the two exercises. In either exercise, the greater PP will occur at lighter loads 
thus when training specifically to target Pmax athletes should perform bodyweight jumps 
(i.e., 0% 1RM). The observed F-v characteristics of both exercises show that a greater 
stimulus for force and power production may be provided from HBJS versus BJS however 
future intervention studies are needed to determine if the two exercises result in any 
different training adaptations. 
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Chapter 6 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
 This study examined the differences between conventional and hexagonal barbells 
on maximal strength and power characteristics. The change in load position from using a 
hexagonal barbell has been shown to allow for greater force, velocity, and power compared 
to conventional barbell exercises. Previous research on jump squat exercises has primarily 
been done using BJS, while HBJS remain far less studied. Maximum power (Pmax) has been 
shown to occur at 0% 1RM for BJS and 10-20% 1RM for HBJS, however these percentages 
are both relative to BS 1RM. The current study is the first to examine HBJS using loads 
relative to HBD 1RM, and the first to compare F-v profiles of HBJS versus BJS. Given the 
different strength and power characteristics shown between conventional and hexagonal 
barbell exercises, it seemed logical to explore power characteristics of HBJS at loads 
relative to HBD 1RM. 
Twelve healthy, resistance trained college students volunteered to participate. 
Across four testing sessions, participants completed 1RM strength testing for BS and HBD 
and jump squat testing for BJS and HBJS. Peak power and jump height were measured 
using GymAware. A 2x6 repeated measures ANOVA was used to assess interaction and 
main effects for barbell conditions (BJS versus HBJS) across the six relative loads (0, 10, 
20, 30, 40, and 50% 1RM). Paired sample t-tests were used to examine differences in 
maximum strength and F-v profile variables (Fmax, vmax, Pmax, and SFv). Results showed 
significantly greater loads were lifted under HBD versus BS conditions. Peak power was 
greatest at the 0% load for both BJS and HBJS, and no differences were seen between 
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barbell conditions across relative loads despite HBJS being performed at greater absolute 
loads. Comparison of F-v profiles showed Fmax and Pmax were significantly greater for 
HBJS, while no significant differences were found for vmax and SFv. It appears that the 
examined conventional and hexagonal barbell exercises may provide useful alternatives to 
one another at submaximal loads, and that HBJS may provide an additional stimulus to 
improve force and power while performing a potentially safer movement. Future research 
should explore whether BJS and HBJS result in different training adaptations within 
athletic populations. 
Conclusions 
 The results of this study yielded the following conclusions: 
1. Participants are able to lift greater 1RM HBD loads than 1RM BS potentailly 
providing a greater training stimulus than the popular BS exercise. 
2. No significant differences in PP exist between BJS and HBJS when relative loads 
are prescribed from the respective strength exercise (i.e., BS for BJS and HBD for 
HBJS) possibly allowing for similar load prescription (i.e., % 1RM) to be used for 
both exercises. 
3. HBJS F-v profiles demonstrated greater Pmax and Fmax compared to BJS but SFv and 
vmax are not impacted, showing that HBJS may provide a greater stimulus to 
improve power and force without negatively affecting velocity. 
Recommendations 
 The following recommendations for further research were made after this study: 
1. Examination of power characteristics for HBJS should be conducted with other 
athlete populations. 
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2. Comparison of F-v profiles using the Smith machine versus free weights (i.e., BJS) 
should be examined to determine if there is substantial horizontal bar displacement 
to alter F-v profile results. 
3. Comparison of power characteristics between dumbbell jump squats and HBJS 
given both share a similar change in load position compared to BJS but dumbbells 
allow for lighter external loads than HBJS. 
4. Training intervention studies to determine if BJS and HBJS produce different 
training adaptations.
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APPENDICES 
APPENDIX A 
Informed Consent Form 
Project Title: Power characteristics of conventional and hexagonal barbell jump squats 
 
1) Purpose of the study? 
Training to improve power is a primary focus of many athletes and coaches. This 
study aims to determine your optimal load for maximal power output in jump squats using 
a barbell and hexagonal barbell. The study also aims to compare force-velocity profiles 
between two different loaded jump exercises: barbell jump squats and hexagonal barbell 
jump squats.  
 
2) Benefits of the study? 
Participant Benefits: As a participant in this study you will receive feedback on 
your current strength characteristics (e.g., 1RM). If you choose to withdraw from the study, 
you will receive information for all tests you completed.  This information can be used by 
your coaches to individualize and potentially better your training program.  
Researcher Benefits: This study is intended to serve as a Master’s thesis project for 
the principal investigator to complete his degree requirements. Following project 
completion, data will be presented to scientific and coaching communities in the form of 
journal articles and/or conference presentations. Members of the research team will also 
improve their research experience. 
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 Scientific Community Benefits: On publication of our research findings it is 
expected that the data collected will help strength and conditioning coaches enhance their 
athletes’ training programs to create greater improvements in power capabilities. Data may 
allow for better determination of optimal loads for maximal power output. The results may 
also provide insight to how force-velocity profiles differ across different jump exercises. 
 
3) What are you asked to do? 
In agreeing to participate, you will be asked to attend four separate testing sessions 
over the course of three weeks. Prior to the first session, you will be asked to complete a 
Health Screening form. Depending on your responses you may also be asked to obtain 
medical clearance from your physician. Each testing session will take place at the same 
time of day and last about one hour. The four sessions will each be separated by three to 
seven days.  
 
Session 1: Anthropometric, Maximal Strength, and Familiarization  
Anthropometric and Strength Testing: On arrival your height and weight will be 
measured. Your leg length will also be measured with you lying down. Then, you will 
perform a maximal strength test in either the barbell back squat or hexagonal barbell 
deadlift. You will have a chance to warm up and do between three and five maximal effort 
attempts for each exercise. Following completion of strength testing, you will be 
familiarized with the jump testing protocol. This portion of the session will instruct you on 
jump procedures and allow you to practice trials with external loads of 0 (bodyweight), 10, 
30, and 50% of 1RM. This will allow you to experience jumping with a range of loads that 
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you will be asked to jump with in later sessions. You are encouraged to ask any questions 
you may have and to become comfortable with the testing environment.  
 
Session 2: Force-velocity Profiling  
Three to seven days following strength testing, you will be scheduled to visit the 
Biomechanics lab (CHS 308) to perform jump testing. You will perform a 10-minute 
warmup and then complete a series of loaded vertical jumps. Three jumps each will be 
performed at loads ranging from bodyweight to 50% 1RM.  
 
Sessions 3 & 4: Repeated Testing Sequence 
The above stated testing sequence (Sessions 1 and 2) will be repeated using the 
other exercise. You will be randomly assigned to one of two groups to determine exercise 
order. Group A will perform barbell exercises first followed by hexagonal barbell 
exercises. Group B will begin with hexagonal barbell exercises followed by barbell 
exercises. 
 
4) What is the total time commitment associated with participating in this study? 
The total time commitments associated with participation in this study will be 
approximately four hours over a three-week period, as outlined in the table below: 
Test Session (Type) Test Duration (mins) 
Session I (Strength + Familiarization) – 
Exercise 1 
60 
Session II (F-v Jump Testing) – Exercise 1 60 
Session III (Strength + Familiarization) – 
Exercise 2  
60 
Session IV (F-v Jump Testing) – Exercise 2 60 
Total Participation Time 4 hrs 
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5) Risks? 
There is a risk of injury during testing however these risks are minimal. Risks will 
be reduced as you will be familiarized with all testing equipment and protocols before 
testing. Prior to strength testing, you will also be instructed on correct lifting technique by 
an accredited instructor. With strenuous exercise, there is a small risk of cardiovascular 
events but this is highly unlikely and we are prepared to enact an emergency system if this 
unlikely event should occur. There is also a slight risk of developing Delayed Onset of 
Muscle Soreness (DOMS). The discomfort and stiffness associated with DOMS is usually 
harmless and temporary, typically subsiding within 2-3 days.  
 
6) Compensation for Injury? 
If you suffer an injury that requires any treatment or hospitalization as a direct result 
of this study, the cost for such care will be charged to you. If you have insurance, you may 
bill your insurance company. You will be responsible to pay all costs not covered by your 
insurance. Ithaca College will not pay for any care, lost wages, or provide other financial 
compensation.  
 
7) If you would like more information about the study. 
If you would like more information about the study feel free to contact the principal 
investigator Josh Kieffer:  Email: jkieffer@ithaca.edu  Phone: 815-303-7523  
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8) Withdrawal from the study. 
Your participation in all parts of this study is voluntary. You may stop participating 
at any time during the sessions or between without explanation. You will get a report with 
your information up to the point you stopped participating.  
 
9) How will the data be maintained in confidence? 
All recorded information will be treated with the strictest confidence and will not 
be disclosed to any party other than the investigator, supervisors or yourself (if desired). 
Your results will remain completely anonymous at all times and will be stored on the 
investigator’s password protected personal computer. Data on the computer will be coded 
by participant number. Only members of the research team will have access to the names 
associated with the code, and the code will be kept separate from data files in a secure 
location (faculty advisor’s office: CHS 321). Data files will be kept for at least three years.  
Note: It is possible that multiple participants will undergo testing at one time. In 
this instance, your participation and strength scores may become apparent to your testing 
partner. However, no other data will be known by or shared with any person outside of the 
testing team. 
I have read the above and I understand its contents. I agree to participate in the 
study. I acknowledge that I am 18 years of age or older. 
  
Participant’s Name (Please print): ...................................................................................  
Participant’s Signature: ....................................................   Date: 
......../......../..............  
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Investigator’s Signature: ..................................................   Date: 
......../......../..............  
This study has been approved by the Institutional Review Board (IRB) of Ithaca College. 
If you have any concerns about this study and wish to contact someone independent, you 
may contact the IRB at:  
Tel: (607) 274 3113       Email: irb@ithaca.edu 
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Health Screening Questionnaire 
Please fill out this questionnaire to the best of your ability. You may choose not to answer 
any question though leaving a question blank may mean that you are not able to participate 
in the study. All recorded information will remain completely confidential. Your cooperation 
in this is greatly appreciated.  
 
Participant’s Name: …………………………………………………  Date of Birth: ……………………………………  
 
Resistance Training Experience (years): …………………… Age: ………………………………………  
 
Persons to contact in case of emergency:  
Name: ………………………………………………………….  Phone Number: ………………………………..  
 
Physician’s Name: ……………………………………….   Physician’s Phn: ………………………………..  
 
Have you had to consult your doctor within the last six weeks?  Yes □   No□  
If ‘yes’ please give details:  
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………  
………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………… 
Have you currently or ever had:  
□ Diabetes  □ Asthma  □ Bronchitis  □ Heart complaints 
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If so, please give details:  
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………  
Training History: 
Do you have experience performing resistance training with free-weight exercises (e.g., 
barbells, dumbbells, etc.)?       Yes □  
 No □ 
If so, please give details (e.g., exercises used, team setting or recreational, supervised by 
strength coach, etc.) 
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………  
Do you have experience performing 1RM (maximal) strength testing in the following 
exercises: 
Barbell Back Squat:  Yes □   No □ 
Hexagonal Barbell Deadlift: Yes □   No □ 
Other (if no to first two): Yes □   No □  
If yes, please list…………………………………………. 
 
Do you have experience performing unloaded or loaded vertical jumps? 
Yes, unloaded only □   Yes, unloaded and loaded □    No experience □ 
If you have performed loaded vertical jumps, please list loading style used (e.g., barbell, 
dumbbells, weight vest, resistance bands, etc.) 
……………………………………………………………………………………………………………………………………………… 
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Injury History:  
Have you experienced an injury within the last six weeks that has limited or resulted in the 
termination of your normal exercise activities?     Yes □  
 No □  
 
If yes please provide details of:  
- Type of injury; …………………………………………………………………………… 
- How it occurred; ………………………………………………………………………..  
- When it occurred; ………………………………………………………………………  
 
Could these injuries prevent / limit your performance in the forthcoming exercise testing?  
Yes □   No □  
 If you have answered NO to all questions (excluding training history), then you can be 
reasonably sure that you can take part in the physical activity requirements of the 
testing procedures.  
 
I ……………………………………………….. declare that the above information is correct at the time of 
completing this questionnaire       Date ……../……../………  
 
Participant’s signature ………………………………….    Date ……../……../………  
 
Investigator’s signature ………………………………..    Date ……../……../………  
 
Please Note: If your health changes so that you can then answer YES to any of the above 
questions, please inform the experimenter / laboratory supervisor. You should also consult 
with your doctor regarding the level of physical activity you can conduct.  
If you have answered YES to one or more Injury/Health related questions:  
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 Please consult your doctor and discuss with him / her, those questions you answered 
yes. Ask your doctor if you are able to engage in strenuous physical activity (e.g, 
maximal strength testing, loaded vertical jumping).  
 Please provide your doctor with this Health Screening form as well as the Informed 
Consent so that he can be aware of the physical requirements of this study 
 
Physical Activity Requirements 
 Maximal strength testing (1RM) for back squat and deadlift exercises 
 Loaded vertical jumps with loads up to 50% of 1RM 
 
Athlete should be of sound physical health (e.g., cardiovascular, musculoskeletal) to be able 
to safely complete all testing protocol. 
 
I certify that the above information is true to the best of my 
knowledge.  __________________  is or is not (please circle one) able to participate in the 
research protocol described. 
 
Investigator’s signature …………………………………………..    Date 
……../……../…………  
 
Doctor’s signature …………………………….………………………..    Date 
……../……../…………..  
 
 
This study has been approved by the Institutional Review Board (IRB) of Ithaca College. If you have any 
concerns about this study and wish to contact someone independent, you may contact the IRB at:  
Tel: (607) 274 3113       Email: irb@ithaca.edu 
 
 
(Participant’s Name) 
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Raw Data Key 
Abbreviation Definition 
AGE In years 
GENDER M = male, F = female 
BS1RM Back squat one-repetition maximum, in kilograms 
HBD1RM Hexagonal barbell deadlift one-repetition maximum, in kilograms 
NORMBS Normalized strength score for back squat, 1RM divided by body mass 
NORMHBD Normalized strength score for hexagonal barbell deadlift, 1RM 
divided by body mass 
BS0PP Peak power at 0% of back squat 1RM, in watts 
BS10PP Peak power at 10% of back squat 1RM, in watts 
BS20PP Peak power at 20% of back squat 1RM, in watts 
BS30PP Peak power at 30% of back squat 1RM, in watts 
BS40PP Peak power at 40% of back squat 1RM, in watts 
BS50PP Peak power at 50% of back squat 1RM, in watts 
HB0PP Peak power at 0% of hexagonal barbell deadlift 1RM, in watts 
HB10PP Peak power at 10% of hexagonal barbell deadlift 1RM, in watts 
HB20PP Peak power at 20% of hexagonal barbell deadlift 1RM, in watts 
HB30PP Peak power at 30% of hexagonal barbell deadlift 1RM, in watts 
HB40PP Peak power at 40% of hexagonal barbell deadlift 1RM, in watts 
HB50PP Peak power at 50% of hexagonal barbell deadlift 1RM, in watts 
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BJSF0 Maximal theoretical force at null velocity for barbell jump squat 
force-velocity profile, in N/kg 
BJSV0 Maximal theoretical velocity at null force for barbell jump squat 
force-velocity profile, in m/s 
BJSPMAX Maximal power for barbell jump squat force-velocity profile, in W/kg 
BJSSFV Observed slope for barbell jump squat force-velocity profile, in 
N∙s/m∙kg 
BJSFVIMB Force-velocity imbalance for barbell jump squat force-velocity 
profile, % 
HBJSF0 Maximal theoretical force at null velocity for hexagonal barbell jump 
squat force-velocity profile, in N/kg 
HBJSV0 Maximal theoretical velocity at null force for hexagonal barbell jump 
squat force-velocity profile, in m/s 
HBJSPMAX Maximal power for hexagonal barbell jump squat force-velocity 
profile, in W/kg 
HBJSSFV Observed slope for hexagonal barbell jump squat force-velocity 
profile, in N∙s/m∙kg 
HBJSFVIMB Force-velocity imbalance for hexagonal barbell jump squat force-
velocity profile, % 
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Raw Data 
SUBJECT AGE GENDER BS1RM HBD1RM NORMBS NORMHBD 
1 22 M 138.64 200.00 1.85 2.77 
2 22 M 159.09 232.73 1.73 2.52 
3 25 M 140.91 193.18 1.47 2.03 
4 22 M 156.82 184.09 2.22 2.63 
5 22 M 202.27 213.64 1.68 1.74 
6 22 M 147.73 184.09 1.94 2.41 
7 29 F 59.09 81.82 0.80 1.10 
8 25 F 52.27 65.91 0.85 1.09 
9 24 M 106.82 156.82 1.34 1.95 
10 22 M 127.27 163.64 1.55 1.96 
11 28 F 97.73 109.09 1.50 1.67 
12 21 M 143.18 188.64 1.70 2.23 
 
SUBJECT BS0PP BS10PP BS20PP BS30PP BS40PP BS50PP 
1 9066.74 4302.70 3917.84 4213.47 4109.04 3873.38 
2 5045.38 4598.00 4533.14 4323.02 3563.97 4133.16 
3 6075.90 6367.92 5909.44 5986.90 5882.71 5589.89 
4 6395.50 5295.32 4857.99 4438.45 4238.70 4418.37 
5 7724.71 5032.23 5436.53 5165.92 5153.31 4744.73 
6 6218.43 5064.12 4714.42 4702.87 4467.22 4364.05 
71 
 
 
 
7 2737.81 2002.89 2149.11 2442.87 2025.37 2019.01 
8 2337.14 1689.81 1625.59 1727.58 1885.38 1742.87 
9 4087.48 3707.95 3991.15 3479.17 3365.28 3048.56 
10 4824.08 3997.19 4063.22 4096.99 4047.85 3545.11 
11 3103.77 3057.33 3055.98 2886.49 2775.89 2697.03 
12 6662.97 4706.00 5026.48 4940.86 4536.28 4267.25 
 
SUBJECT HB0PP HB10PP HB20PP HB30PP HB40PP HB50PP 
1 5697.33 4806.48 4281.99 3940.62 3862.55 3621.59 
2 6290.57 4598.71 4400.38 3968.29 3693.19 3453.14 
3 8006.98 7428.96 7086.45 6313.03 6131.26 5607.34 
4 6307.00 6414.18 4634.72 4534.66 3996.71 3735.60 
5 5068.31 6195.62 5270.08 5601.34 4841.42 5249.50 
6 5829.41 4483.18 5066.29 5175.77 4393.98 4775.95 
7 4086.94 2530.48 2033.99 2025.43 2642.74 2041.07 
8 2290.80 1982.70 1776.02 1853.65 1947.28 1925.72 
9 4420.42 3963.81 4097.76 3113.64 3272.95 2872.14 
10 4369.56 3792.44 4247.50 3371.89 3885.16 3519.99 
11 2975.51 2781.21 2772.79 2722.38 2667.97 2861.78 
12 6927.74 5763.71 5191.85 5100.27 4496.87 4218.65 
 
SUBJECT BJSF0 BJSV0 BJSPMAX BJSSFV BJSFVIMB 
1 50.80 2.44 31.00 -20.77 1.61 
2 53.70 1.90 25.50 -28.30 2.23 
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3 51.10 2.30 29.40 -22.23 1.91 
4 43.20 3.39 36.60 -12.73 0.94 
5 56.70 1.63 23.20 -34.69 2.42 
6 50.60 2.49 31.50 -20.30 1.51 
7 34.70 1.80 15.60 -19.26 1.38 
8 22.90 3.71 21.20 -6.17 0.45 
9 43.10 2.20 23.70 -19.55 1.52 
10 58.30 1.96 28.50 -29.80 2.26 
11 49.50 1.94 24.00 -25.46 1.63 
12 47.00 2.42 28.50 -19.39 1.49 
 
SUBJECT HBJSF0 HBJSV0 HBJSPMAX HBJSSFV HBJSFVIMB 
1 55.80 2.58 35.90 -21.63 1.67 
2 53.60 2.02 27.00 -26.61 2.10 
3 61.00 2.46 37.50 -24.79 2.14 
4 44.90 4.23 47.40 -10.60 0.76 
5 66.20 1.69 27.90 -39.19 2.74 
6 62.80 2.55 40.10 -24.57 1.81 
7 37.50 2.02 18.90 -18.57 1.37 
8 25.80 3.45 22.30 -7.50 0.55 
9 48.50 2.21 26.80 -21.99 1.72 
10 79.50 1.76 34.90 -45.23 3.41 
11 49.50 1.94 24.00 -25.46 1.63 
12 47.00 2.42 28.50 -19.39 1.49 
 
